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THR EFfEGTS OF ANGLE OF DEAD RISE AND ANGLE OF AFTERBODY KEBL

OF THI RESISTANCE OF A MODEL OF A FLYING-BOAT HULL
By Joe W. Bell and John M, ¥Willis, Jr.

 BUMNARY

A serles of models of flying—beat hulls was tested in
HACA tank no, 1 to determine the effects of the angle of
dead rise and the angle of afterbody keel on resistance o
and spray characterlstios. Three angles of dead rise, 145 ’
19°, and- 23%°, and three angles of afterbody keel, 4°, 619,
and 834°, were investigated. The tests included nine con—
figurations incorporating all possible counbinatlons of
these values. The results of the tests are expressed in
‘moncimensional coefficients.

The effect of angle of dead rise on reﬁiatance and
best trim was neglligidle up to and including the hump. At
higher speeds, the resistance was reduced by the lower

.+ dead rise and increased by the higher dend rise. These

differences, however, were relatively small,

At small angles of afterbody keel, the resistancé was

‘low at lovw speeds and high at planing speods. ..The positive

trimming moments were reduced by reducing the angle of aft—
erbody keel. High angles of aftorbody keel gave a higher
best trim at the hump and at planing spoeds,

The effects of angle of afterbody keel wero consist—
ent at all angles of dead rise and the effects of desad
rise were conslstent at all angles of afterbody keel.

An appendix showing the method usod for deriving
modela of .the 1264 and 126C serles from the basic model

" 126B—2 1s 1included.  Working charté for the d etermination

of resistance ‘and trimming moment for the model 126B—2

" are - also given._
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INTRODUCT ION

The purpose of the tests was to determine the aeffecte
of angle of afterbody keel and angle of dedd rise on
reslstance and spray characteristics and to determine
whether the effecta of varying either of these angles
are influenced by the value of the other angle.

The effects of the angle of afterbody keel and the
angle of dead rise have been investigated separately in
a number of earlier tests, The results of NACA investiga—
tiones of the resistance effects of angle of afterbody keel
and angle of dead rise have been reported in references 1
and 2, respectively. The experimental towing tank of
Stevens Institute of Technology has conducted tests in
"which the angle of afterbody keel and the angle of dead
rlse were both investigated by the use of models developed
by nodifying the same basic set of lines (reference 3).
The tests at Stevens Institute includéd both the resistance
and the stability characteristics of the models.

Three angleos of afterbody keel and three angles of
dead rise were investigated in the precsent tests., The
baslic model of the series was considered typical of cur—
rent flying boats. The variations of angle of afterbody
keel included one value greater and onoe value smaller
than that of the basic model.,. The angles of dead rise also
included one valuo greater and one valus smaller than the
baslic angle_ of dead rlise., Nino configurations of the
model, representing all possible combinations of these
varlations, wcre tested. The tests were conducted 1n NACA
tank no, 1 during February and July 1942,

DHSCRIPTION OF MODEILS

) The lines of the models are shown in figure 1 and the
corresponding offsets are given in table I. The dbasic
model of thc series, model 126B—2, was similar to a 1/9-
slze model of the hull of the Navy XPB2Y—3 alirplane except
that the aftorbody was raised .to increase the depth of
step, the form abovo the chines wae simplified, and the
tall turrct was omitted, Models 1264—2 and 126C—2 were
derived from this form by arbitrary changee 1n the angle
of dead rise as indicated in figure 1l.
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The half—hreasdths of the chine, the width of chine
__flare, the height of the keel at ocach station, and the
length of the forehody were the same for models.l36A-2,
1263~2, and 1260~2, The angle between the horizontal and
the straight portion of ocach transverse section from bow
to sternpost for model 136B was 5% less than for model
1260 and 5° greater than for model 126A. The radius of
chine flare and the height of chine of the derived models
wvere dependent on thése established values as descrlibed
in the appendix, The sections gft of the sternpost were
the same for sll the modsls.
. »

The models were arranged vith vertical wedges at the
step in order that the after portisn could be rotatod to
vary the angle of afterdbody keel through the range shown
.in figure 1, In these variations, tho depth of step and
tho distance from step to sternpost were held constant.

Variations in the anéle of dead rise and the angle of
aftorbody keel for each model -are given in thc following

tablo?
Modol Angle of dead rise|{Angle of afterbody keel
(o]

° (deg) (deg)
125A—1 14i 4
1264—2 14% si
126A—0 14i 8
125B—1 19 4.
126B—2 19 6
123B8—3 19 8
126C0—1 _ 25 4
12602 23 6%
1260-3 23 . 8

APPARATUS AND PROCEDURE

Tho tests of seach model were made by both the generpal
method and the epecific method, The NACA tank no.l and
its related equipment and the methods of tho t osts are de—
scribed in roference 4. )

The condltlons of the general tests included load .
coofficionts up to a maximum of 1.2 and specd coofficlents
up to 8,0, This range of loads and speeds was believed to




extend beyond all conditionse at which a hull incorporating
tho lines of any of the models might operate, The range
of trims of the modeols was selected to include tho zero—
trinning—noment condition and the bost—~trim condition for
all tho loads and speoeds included, '

Tho models were tested by tho specific mothod at con—
ditions corresponding to the assumod gross load and aero-
dynamic 11ift of a flying boat. Tho load coefficlent at
rest GAO was 1,027, Tho wing 1lift of the airplane was

simnulated by tho uso of a hydrofoll 1ift dovice that was
adJusted to support tho ontilro load of the model at a
speod corresponding to tho assumed valuo of 7,70 for tho
get—away speed coefficlent GvG. Speceific tests in tho

froo—to—trim condition wore included in the tests of tho
modecls of tho 126A and ‘126C serices. In the free—to—trim
tosts, tho modols were pivotod about an axls passing
through a point corrcsponding to tho assumed conter of
gravity of the flying boat, Tho centor of gravity of each
model was adjJusted to the pivot point by the use of bal-—
last located in the model and on a vertical staff above
the model,

The poirt used as the center of gravity for the free—
to—trim tests and the center of moments for the fixed—trim
tests was 4.27 inches forward of the step and 16.44 inches
above the reel, The pivot axis of the towing gear was
located at thls point in the tests of the models of the
125A and 126C series., The models of the 126B series, how—
ever, had been toested carller with the use of additional
equipment that prevented the desired location of the pivot
axlis, Because of this location of the pivot, no free—to—
trim tests were made with the models of the 126B series.
Corrections woro applied to the trimming moments of the
1268 sories to obtain tho trimming momonts about the
seloctod centor of momonts,

RESULTS AMD DISCUSSION
Method of Presentling Data
Noncdimonsional coefficionts based on Froude's law

wore used to present the results of the tests, The non—
dimensional coofficlents are defined as follows:
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Cy epeed coefficiont (v //gD)

~0a load coefficiemt (A/wd®)

.0y trimming-moment coefficiont (H/wb‘)

Cp reosistance cooffisient (B/wbs)

b beam at step, fept

Y spoed, fect per socond
A load on water, pounds
M

trinmnling momont, poﬁndrfoet

w spocific woight of water, pounds per cubic foot (63.5
for these tosts: usually taken as 64,0 for soa
wator)

R roelstanco, pounds
g accoloration of gravity (32.2 ft/soc®)

The momonts are referred to e point 4,28 inches for—
ward of the step and 18,44 inches above the base line,
Moments having a tendency to raise the bow are consildered
positlve, Trim 1s the angle between the base line and the
horigontal. .

Free—~to~Trim Tests

The effects on resistance coefficlent, trim, and
load~redsistance ratio of angle of afterbody keel and of
angle of dead rise are given in figures 2 and 3, respec—
tively. The curves for the models of the 136A and 1260
serles in figures 2(a) and 2(c) were plotted from the
free—~to—trim tests of the models. The curves for the
1268 series in figure 2(b) were derived from cross plots
of the data from the fixed—trim specific tests of the
models,

The effect of angle of afterbody keel upon the free—
to—trimn characteristice for angles of dsad rise of 14i
19°, and 23%° may be seen by comparlsons of the curves of




figures 2(a), 2(b), and 2(c). Reducing the angle of dead
rise reduced the trim and the resistance at all speeds up
to and including the hump. The effect of increasing the
angle of aftorbody keel was oppositae and of about the same
order of magnitude, At speeds 1in excess of the hump speed,
the effect of the angle of afterbody keel became less and,
at ecual anglos of dead rise, the trim and the roesistance
of tho models became approximately egual aftor the aftor—
bodies came cloar of the wator. The offects of changing
tho anglo of afterbody keol were substantially tho same
for the modols of difforent doad rise oxcept that the dif-—
forencos in trim and rosistanco porsilsted at higher speeds
for modols of groater dead rise,

The effocts of anglc of dead rise on models of equal
angle of afterbody keel may be seen by a comparlison of the
free—to~trim curves of models 126A—2, 1l26B3—-2, and 1l26C-2,
in Tfigure 3. The changes in angle of dead rise caused
relatively small changes iIn the resistance at the hunp.
Lover argles of dead rise resulted in increased trim at
the hump and decreased trim at speed coefficlents above
4,0, This effect on the trim at higher speeds may account
for the fact that the effects of angle of afterbody kesl
extended to higher speeds for the models with greater val—
ues of angle of dead rise,

General Tests

The variation with speed coefficlent of best trim,
resistance coefficlent at best trim, and trimming-moment
coofficient at best trim, derived from the data obtained
ln the general tests, is given In figures 4 to 6 for the
models of the 126A series, the 126B series, and the 126C
series, respectively, Rosistance coefficient and trimming—
moment coefficlent plotted agealnst trim are shown in figure
7 to provide direct comparisons of the results of the gen—
eral tests. Comparisons of the curves in any of the tiuree
groups of figure 7(a) show that, at hump speod, decroasing
the angle of afterbody kocel reducod tho reslstance at all
trims, recduced the best trim, and roduced the values of
the positive -trimming moments. Clhanges of angle of after—
body keol caused approximately the samc effects whon ap—
pliod to models of any anglo of desad rise included in the
investigation., At a spoed coefficlent of 4.5 (fig. 7(d)),
theo offoect of angle of eftorbody keol upon rosistance co—
officiont was negligible., At this spoed the afterbody was
clear of the water at most trims, Tho curves of trimming—
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mouent coofficient in figure 7(b) show.some offect from
the coatoct of the afterbody with the water at high trims,
This offoct was moro pronounced in the case of the models
with groator angleos of dead riso., The curvoe of resist—
ance coofficient and trimming-moment coofficient at speoeds
near got—avway, Gv = 6,0 and GV = 7,0, are shown in

figurcs 7(c) and 7(d), rospoctivoly. At high speocds the
offoect of angle of aftorbody keol vas so small that the
scatter of tho exporimental data caused some obvious ro—
vorsals in thc comparative rosults, This scatter of data
ywas causod 1in part by the changos in wind volocity that
resulted from openings in the wall of the duillding. It is
believed, hovever, that the qualitative offects of the
changoe of the models are conclusively shown by the curves.
At this condltion high angles of afterbody kool gave tho
moset favorablc rosistance charactoristice, ©OSmaller angles
of aftorbody zeel caused no chango in tho rosistance at
oxtromoly low trime dbut caused increasos in rosistance
that startod at approximatoly vest trim and becamo larger
a8 the trim was 1ncroasod.

The lowvost anglo of dead risc investigatod gave the
loweet rosistanco at the hump and at 21l spoods abovo the
hump (fig. 7). Throughout this range of speod tho resist—
ance was increased slightly by each incrcase in the anglo
of doad riso, This offect vas consistent for ocach angle
of aftorbody kool that was investigated. A comparison of
the curvos of trimming—momont coefficicnt in figure 7(Db)
shows thet tho action of tho afterbody was influenced to
somo oxtont by variations of tho angloc of dead risoe. At
this cordition tho offect of angle of afterbody koel bo—
caumeo more pronounced as the anglo of dead rise was in—~
croagod, This relctionship botwoon tho offocts of anglo
of aftcrbody koel and angle of doad risoc vas.ln agroomont
?1th th?t observed in the results of the freo—to—trim tests

fig. 2).

Spray Characteristics

Photographs takon during tho fixed—trim specific
btests of tho models arc reproduced as figuros 8 to 1ll.
Thc conditions selected for the comparisons, 11° trim at

hunp speed ané 5° trim at a higher speod, Oy = 5.0, cor—
" rospond approxzimatoly to conditions at vhich flying dboats
incorporating theso linos might operato.

Tho effocts on spray of angle of aftorbody keel at
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hump speed and at planing speed are shown in figures8 and
. 9, respectively. In the fixed—trim condition at the hump
speed, the lower angles of afterbody keel resulted in
slightly lower sdpray from the forebody and considerabdly
more spray from the afterbody and the tail ‘extension,
The spray around the taile should be disregarded in this
comparison because the ta2il extension of the model was
moved with the afterbody when the angle of afterbody keel
vas changed. At higher speed (fig, 9), the lowest angle
of afterbody keel caused the spray to strike the bottom
of the afterbody., This effect became more pronounced at
speeds near get—eaway.

Tae effects on spray of angle of dead rise at hump
speed and at planing speed are shown in figures 10 and 11,
respoctively. <The height of the spray decreased as the
angle of dead rise increased. This effect 1s shown at the
conditions of both figures 10 and 11 and was observed
throughout the range of speeds investigated. At extremely
lowv speeds, the bows of the models with low dead rise
vere much dirtier than those with higher dead rise. The
stern views in figure 10 show that, at an angle of dead
rise of 23i°, tho afterbody of model 126C0—-3 was in the
water st test conditions at wvhich the afterbodies of the
models of lower dead rise were clear of the water,

Working Charts for Model 1253-2

Inasnuch a8 any change in angle of afterbody keel or
angle of dead rise will cause both favorable and unfavor-
able offects upon the nerformance of the model, the selec—
tion of an optimum anglie of dead rlse or an optimum angle
of aftorbody keel 1ls difficult if not impossidble., It is
possible Shat tho angle of dcad rise or the anglo of after—
body keel selected for & flying boat might depend to a
large extent upon other characteristics peculiar to the
design or upon the operating conditions that are antlci—
pated. Tro results of the tests, however, have shown that
model 1263—2 represents a fair compromise of the two angles
invostigated., Bocause of this fact and bocause model
12683—2 is more representative of current practice, working
charts doerived from the general teste of this model are
given in figure 12, The derivation and the uso of tho
charts aro described in detall in roference 5.




CONMCLUS IONS

The results of the present investigation were in
agreoemont with the results of previous roséarch on theo
effects of angle of afterbody keel and angle of dead
rise, Because of the large number of configurations tested
and the agreemnent with the resalts c¢f other tests of varied
types of model, it is belleved that the following general
conclusions may be drawn from the results of the present
teets?

1. At practicatle angles of dead rise, increasing
tiie angle of afterpody keel increased the resistance at
low speeds and at the aump, reduced the resistance at
high s»eeds, increased the best trim, and increased the
trin in the free—to—trim condltion,

2. Increasing the angle of dead rise in the normal
range for V—bottom hulls increased the resistarce at the
hunp and st higher speeds and reduced the heilght of spray.

I% was alsc observed in the pruvseat tests that larger
angles of dead rise caused the afterbody to remain in the
water at higher speeds.

Langley iiemorial Aeronautical Laboratory,
Fational Advisary Committee for Aorcnautiocs,
Langley Fileld, Va.
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APPENDIX

DERIVATION OF STATIONS OF MODELS 1264

AND 126C FROM MODEL 1263

From figure 13, the angle of. dead rise of the straight
portion and the breadth of the chine flare at each station
of the forebody of model 126B are obtained from the expres—
sions

B
_1_ .
tan Y

8
X =R, s8in ©

Then, for the corresponding station of the dorived models,
for model 126A, :

for modol 126C,

8 = 0, + 5°
B =4 tan ©
where A is the same as for model 126B,
R, = X/sin ©
vhkoro X 1is tho same as for model 1263,
Y = (A — X) tan 0
and E=7T+ R;(1 — cos 8)

The height of chine of the afterbody 1s obtained from the
exprossion

B =X tan 0

wvhere F is the same as for model 1263B.
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Model  Height of chine at bow B e 1\
vy

1264 7.19

1258 7.33

126C 7.47

Diagram for Table I.
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Figure l.— Lines of NACA model 126 sefles,
(a) Hodels 1264—1, 126A-2, ands%?éAr3.
Angle of dead rise = 1l4% -,

Figure 2,—~ Elfect of angle of afterbody keel on free—~to—
trin characteristice, K
(p) iiotels 1263-1, 1263—2, and 125B-3,
Angle of dead rise = 19°,

Figure 2.~ Continued. ,
(c¢) iiodels 1280-1, 1260—2, and 126C-3,
Ansle of dead rise = 2329,

Figure 2,—~ Corcluded, !

Figure 3.— Zffect of angle of dead rise on free—to—trim
caaracteristico, liodels 125A-2, 126B—-2, and 12602,
An;le of afterbody keel = 61°.

(a) iiodel 12541, 4ngle of afterbody teel, 49,

Figure 4.~ Curves of angle of best trim, resistance coef—
ficient at best trin, and trimming-rnoment coefficlent
atsbest trin, lHodel 126A serlies. Aagle of dead rise,
143°.

(0) kodel 1264—2., Angle of aftoerbody keel, 6%°,

Figure 4,— Continued.
(c) llodol 126a~3., Angle of afterbody keel, 8%°.

Figure 4,.,— Cepncluded, '
(a) liodel 1263—1. Angle of dead rise, 199,
Argle of afterbody keesl, 40,

Figure S5.— COvrves of angle of best trin, reésistance coof-—
ficient at best trim, and trinning-moment coeiflcicnt
at boect trim. liocdel 1263 soriles.

(b) liodel 128B3-2, Aungle of aftorbody kool, 6%°,

Figure 5,—~ Continued.
(c) liodel 1263-3.

Figuro 5.— Concluded, Aagzlo of afterbody keel, 84°,
(a) licdel 1260~1. Angle of dead rise, 23%°. \
Anple of afterbodr koel, 4°. \
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